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SYMOL DEYINITON.
-_Angle in chord plans 'between rer spar and line perpendicular

to intersection of root chord and plane of symmetry.

cZ - Pitching acceleration about the airplane center of gravity$

radians per (second) .

( - Angle in chord plane between elastic axis and a line perpen-

dioular to intersection of root chord and plane of symmetry.

i
Angle in chord plane between line of A.C.'a and a line per-

pendioular to intersection of root ch .-'d and plant of symnetry.

U- Rolling acceleration about an axis through the airplane center

of gravity and parallel to the oenterline of fuselage, radians

per (second)
a• --, Angle whose tangent Is-the slope of the curve of ix/q oor

A.O. - Aerodynamic center.

b - Wing span, inches.

o - Wing chord, Inches.

S- Mean aerodynamic chord, inches.

CMA. 0 " - Over all wing pitching moment coefficient about the MS.-

- Low speed section pitching moment coefficient about the

section A.C.

o - Additional section lift coefficient for an over all wing aL

equal to one.

C-b -Basic section lift coefficient.

iA ~4



ANALYSIS CnldtdVdwArrf oprto AE-1

CHEKED .X& FORT WORTH DIVISION RODEL-----
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NOIM8NLATMM (oont'd.)

YMBOL_. DEFINITION

- Distanoe along station ohord line between the center of gravity

of the panel point load and the elastic axis, inches (e is +

when e.g. is forward of E.A.).

- Distance, - 6 y tan , inches, where Ay is the distance be-

tween adjaoent wing stations, inohes.
2

9 - Acceleration of gravity, 32.2 feet per (seoond)

Ul - One g beam bending moment due to additional lift (directly
proportional to gross weight).

Deam bending moment due to basic lift (directly proportional
'1 b to V2a-

*x - Ultimate beam bending moment due to air loads

a-1.5(W M 01 ,M 0. )*

Mx, - One g beam bending moment due to inertia loads.

S- Ultimate beam bending moment.

Mx - Net ultimate beam bending moment; for flight conditions K

" +,, l.+ x(' ' .A) .

MU - Not ultimate beam bending moment on aasection normal to rear

spar and chord plane

"Mx os o - TEA. sin o.

S- Ultimate chord bending moment.

My - Net ultimate chord bending moment; for flight conditions m

.1.5(XM MI
W 0•.1a W
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NOM!NCLATURN (oont'&.)

aYmB VEINITIM?

IM - Net ultimate chord moment on a seotion normal to rear spar and

chord plane

r -Distance from pitching moment axis to the elastic axis for

two-wheel landing conditions, Inches*

- Distance from pitching moment axis to the center of gravity

of the station load for two-wheel landing conditions, inches.

Note: 7 is + when measured aft from ýitching axis.
S - Planform area of wing, square feet.

oe - One g beam shear due to additional lift (direotly proportional

C - to gross weight).

So~b - Beam shear due to basic lift (directly Vroportional to V2 0- ).

Sba - Ultimate beam shear due to air loads
z1 45 (W So +

Sbi - One g beam shear due to inertia loads.

Sb - Ultimate beam shear.

Sb - Net ultimate beam shear; for flight conditions 8

-NA .94
- s + 1.5• } s~i.

S b - Net ultimate beam shear on a section normal to rear spar and

chord plane •,

1101'

Sb
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C NO MEN OLATUR= (cont'd.)

SYBOL DJINITION

S b -- Reduced net ultimate beam shear on a section normal to rear

spar and chord plane.VM'x

Sb- - tan 0 or 0.5 s'bI whichever is greater.

Note: If Sb and Ut have opposite signs, the .7 factor is

omitted#

so - Ultimate hoord shear.

SO -Net ultimate chord shear; for flight conditions X1

Netuultimate chord shear on a section normal to rear spar

and chord plane

"S 00 CC 0

TEA Ultimate torsion about the elastic axis due to air loads-Z A a 1 5. 00.o 2508) 2~c ys 2•c oa
a 0- LL O 55~ 3 fb c Mo ody

-MJX tan & + .0110 Sba.

TA~ - One g torsion about the elastic axis due to inertia loads.
1$ i

T. - Ultimate torsion about the elastic axis.

TE.A. - Net ultimate torsion about the elastic axis; for flight
ii:1

conditions TE.A.
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SYROL DZ1IlNIT=

T - Net ultimate torsion about the elastic axis on a section

normal to the rear spar and chord plane

0 M sin co- T? 008 Oe.

V - Airplane true velooityo miles per hour.

- Distance from nose reference line to center of gravity of

airplane, inches.

- Dis.tanoe from root chord along semi-span, inches.
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The B-36 wing, consisting of a center section and two otiter

panels, is a two-spar, stressed skin box structure. Primary struc-

tural materials are aluminum alloys, steel, and magnesium alloys. A

plan view of the wing including the basic geometric data is shown in

Figure 1.

This report contains computations of the net ultimate shears,

bending moments, and torsions for the critical design conditions for

the B-36 wing. Part I contains the net ultimate loads for critical

flight oondl~ions, and Part 11 includes computations of the design

loads for the critical landing oonditions. In Part III the critical

loads are summarized in graphs or in tabular form for convenience

of use.

The sign conventions used for shears, moments, and torsions

throughout the report are indicated in the following sketch (positive

moments and shears are shown):

Note: Left hand rule is used for moment vectors.

S- Y -r -

Left iand Wing Section

Looking Inboard
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All air load coefficients and load factors for flight conditions

have been obtained from C.V.A.C. Report FZS-36-136, "Basic Flight_

Criteria." Other C.V.A.C. Reports which are used as references are the

following$

ZA-36-028, "Correlation of Experimental Data with Estimateod
Aerodynamic Data for Structural Analysis of the

XB-36";

FZS-36-137, "Derivation of Wing and Fuselage Inertia Distrl-

bution and Airplane Moments of Inertia"|

FZS-36-138, "Spanwise Distribution of Air Loads";

FZS-36-143, "Stress Analysis of Fuselage - Part I, Applied
S~Leads";|

TZS-36-149, "Stress Analysis of Landing Gear."

0
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PLIGHT CONDITIONS i

Design computations for the I-38 6 'airplane and a detailed study

of summary Table XXV of O.F.A.C. Report FZS-36-136, "Basic Flight

Oriteria," show that the critical design shears, bending mosents, and

torsions from flight conditions for the B-36 wing will be obtained

from the following sixteen flight oonditions:

Design Gross Weight - l0,000# of bombs-full fuel and oil:

2. L.A.A. U 5,000' high speeds

3. LA,A. a 30,000' - high speed,

A. I.U.AA. 0 5,000',

5. I.L.A.A. 0 5,000' - high speed,

S86. I.L.A.A. 0 5,000' - limit dive speed,

7. I.L.AA. 'a 30,000' - high speed;

Alternate Gross Weight - (?2)100# bombs-full fuel and oil:

8. H.A.A, 0 5,000',

9. L.A.A. G 5,000' - high speed,

10. I.H.A.A. 0 5,000',

11. I.L.A.A. ý,' 5,000' - high speed,

12. I.L.A.A. 0 5,000' - limit dive speed,

13. I.L.A.6. a 353,000' - high speed;

Reduced Gross Weight -(72)1000# bombs - 1/3 fuel and oil1

14. L.AA. 0 5,000' - high speed,

15. I.L.A.A. 0 5,000' - high speed,

16. I.L.A.A. 0 5,000' - limit dive speed.

r .444



-4

ANALYSIS EniBIgtd VdI Abctft JIlmUi R
P D FORT WORTH DIVISION

CHECKED BYet FORT WORTH,TEXAS M 0 DEL ...L• _._
REVISED BY DATE

Preliminary studies show that for normal flight conditions the

Design Gross Weight Condition is Qritioal outboard of the landing gear

because of the high product of load factor and gross weight. Inboard

of the gear an Alternate Gross Weight condition becomes critical be-

cause of the reduction in the relieving fuel moment. Both HeA*A. and

L.A.As (high speed) conditions at 5,000 feet for D.OGW* and AeG.Wo are

included since the variation In chord bending moment will cause each

to be critical in different portions of the structural bOX. L.A.A,

(high speed), Reduced Gross Weight at 5,000 feet, is also included

since the high gust load factor makes it a critical LeA*Ao 0ondition

inboard of the landing gear, A high pitching moment, producing critical

rear spar shears, requires that computations also be made for L.ASA.

(high speed), D.G.W., at 30,000 feet,

Flight conditions critical or near-critical for compression in the

lower surface are the following:

IHeA.A. d 5,000', DG.W.;

I.LeA.A. (high speed) a 5,000', D.G.W.;*
I

I.H.A.A. 0 5,000', A.G.W.;

I.L.A.A. (high speed) 0 5,000', A.G.W.;

I.L.A.A. (high speed) a 5,000', R.G.W.;

I.L.A.A. (high speed) 0 30,000', D.GW.;

I.L.AA. (high speed) Q 35,000', A.G.W.

The last two conditions are included beoause the decreased re-

lieving fuel moment causes higher beam bending near the wing root.
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Preliminary oaloulations show that oritioal front spa:r shears will

be produoed by the remaining three conditions for whioh oomputations

are made:

"IrL.AoA. (limit dive speed) a 5,0002# D.G.W.;

I.L.A.A. (limit dive speed) 0 5,000',• A.G*W.;

I.L.A.A. (limit dive speed) @,5000', sR.W. I
Section A contains computations of net ultimate wing loads due to

air loads only. Seotion B contains the shears, bending moments, and

torsions due to inertia loads at one g for each of the weight conditions

oonsidered. Section C includes oomputations of'the ultimate inertia

loads which are oombined with the ultimate air loads, to produoe the

net ultimate design shears, bending moments, and torsions for the B-36

win in flight*

., 4
i 

--



ANALYSIS PAGE 21-PREPARED V• •L,• •Consolidated Volta Aircraft Co=rporationnN.,sl...jL0
•REPRE -YA5T w"& - , REPORT',"

ECKED BY FORT WORTH DIVISIONMOE
CHMECKW•'D By ,. ,-. .FORTWORTH,TIXAS MODElT EAS
REVISED BY DATE ir 1 :(

PART I

c SECTION A

ULTIMATE AERODYNAMIC SHEARS, BENDING MOMENTS , AND TORSIONS
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( ULTIIAUT AERODYNAMIC SHEARS. BINDING iEMO TS. AND TORSIONS

The Ultimate aerodynamic shears, bending moments, and torsions

for each of the sixteen flight conditions included in this report are

computed in Tables 3 through 18. For ýimplicity of calculations the

loads are oomputed at thirteen points along the semi-span, and the re-

sults are plotted in Figures 2 through 17. From these curves the aseo-

dynamic loads to be used in determining the net ultimate loads at eaoh

bulkhead station may be obtained. (Note: Curves plotted to a larger

scale were actually used to obtain greater accuracy in the net ultimate

loads,)

8baP lxas and TZ.Ao8 are calculated by use of the formulas noted

in the "Nomenclature." The oorreotion factor, F3, to be applied to Cy

in computing TE.A. is developed in the following pages of explanation

and is computed for each flight condition studied in Table 2. Table 1

contains the computation of various constants to be used in Table 2 end

in Tables 3 through 18.

1W.4
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DETERMDIATION OF CORRECTION FACTOR (7s)

FOR SECTION PITCHING MOMENT CORFFICIENT (OMO)

In the determination of balancing tail loads in C.Y.A.O. Report

PZS-36-136 ("Basic light Criteria"), the over all wing pitohing moment

coeffioients about the aerodynamic center (CMAC). based on wind tunnel
-A*e

tests and corrected for Moct number according to the method of A.O.T.R.

4524 - Revision I, are used. (Note: In PZS-36-136, the symbol CUo is

used in place of C. while in this report 09o refers to low speed

ssotion date only.)

In general the weighted mean value of low speed seorion pitching

moment data over the span does not agree with the value of for a

particular flight condition. The underlyins reason for this is that

four primary items based on various parameters contribute to the value

of CMA.C° * These items are:

1. The basic lift distribution over the spant

2. The additional lift distribution over the span,

3. Section moment coefficient values, and

4. Mach number

A correotion factor is developed for application to low speed

section moment coefficient data to bring the combined effects of the

above four items into agreement with over all wing date. The develop-

mont of this factor follows.
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MIUM

V]

" 5•0-.227'

PLAN v3w - sm,-SPA

Inasmuch as the section moment coefficient is about the section

AO., the section lift is assumed acting at the section A.G. The over

all wing moment coefficient (DUMAC.) is referred to the geometric A#0.

S4.

LIFT DISTRIBUTION - SEAI-SPAN
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A. Torsion of basic lift about the geometrical A.C.:

The not lift due to the basic lift distribution over the
semi-span equals zero and is thereforf equivalent to a

- couple in a plane normal to the ohordAend passing through

the line of A.C.49. Therefore the torsion about an axis

perpendicular to the plane of symmetry through the A.C.

of the wing due to basic lift

-1.5 Ho X tan 6 (see following sketch), (1)lb0 root
where ro is the moment at the root section due

S-it a root

to the basic lift over the semi-span.

6p~wr
90

- -AMore; L,-rr llmlv A/ze

B. Torsion of the additional lift about the geometric A,0,:

The center of gravity of the additional lift over the

semi-span as represented by the equation
y /o 0 Ca r S'(2

b/2

40 1 dy

does not ooinoide with the geometric A.C. of the wing but

lies on the line of A.C.'s a distance d outboard of the

geometric AC, The resulting torsion of the semi-span

air load about the geometric A.C.

Z f 15%8x d tans 3
a root tal a root

where is the beam air load factor and So
la1 4 root
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is the I g semi-span air load.

0, Torsion about the geometric A.C. due to section pitohing moment

coefficient

, 1.5 (.002558)v2 Kfb/. oU d (4)

for the semi-span, where K is the Maoh number correction factor

acoording to the method of A.O.T*.R 4524 - Revision I*

Introducing a oorrection factor 7v the following relationship holds:

1.5 %,, *(.002558)i V2 e-- -1.5 MU. X tan

z
-1.5WS X KdtanO

0a1 3 root

+ 7(l.S)(.o02 558.}V2T_ K f • mC o2 dy. (8)

b/2

Then the o correction factor 73 - 7 K

[1.5 CM *6(.ooassa4 V0 + 1.5 M01 x tan-&
Lb a root

1.5 z 8 X d tan, j 1.5(.002558). rb/ o dy. (6)
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ANALYSI •oBnsnlidated Vallee Aircraft orporation Rk p--
PREPARED 8 FORT WORTH DIVISION R,,-38
CHECKED BY AA FORT WORTH, TEXAS MODEL B"
REVISED BY - - DATE________________...

PART I

SECTION B

1 G INERTIA SHEARS, BENDING !LO]ENTS, AND TORSIONS

FW444



AN ALYB •. £a Ensulidated Vultee Aircraft CUrplraflln PAOF
PREPARED BY & - FORT WORTH DIVISION REPORT NO.. Zl
CHECKEDBY" L " JC!• FORT WORTH, TEXAB MODEL B4,

REVISED BY DATE

1 0 INERTIA SHEARS, B3NDINO M•OMETS, AND TORSIONS

The 1 g inertia loads of the wing have been divided into three

classes. Tableilg contains the 1 g loads due to wing empty less landing

gear, and Table 20 contains the 1 g loads due to the landing gear retract-

ad* The 1 g fuel and oil loads for the five gross weight conditions con-

sidered are included in Tables 21 through 25. Total lg inertia shears,

bending moments, and torsions for each of the five conditions are shown

.in tebles 26 "kirough 28.

All inertia loads have been obtained from CV,A*C. Report FZW-36-137.
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* ANALYSIS,.. aniJJ"-' .-. PAGE 8
PREPAREDBY~'~~' 3 ~- .sDlidatuai iwfl tus cu uajftCrporationnWaa1,

PRPAEDBYFORT WORTH DIVISION REPORTNO W3-4
OHEKE U.C~.JZ.J~7 r~L.FORT WORTHtTEXAS3 MOCIEL -~

RIEVISED BY DATE q~ Jrt

A I~ G InXTIA SHMAR8, BENDIN(G MMMT8, AND TORSIONS

LANDING GEAR RETRACTEDI

The lending gear fitting loads due to landing gear (retracted)

Report PZS-38-137, Table U. The panel point shears, bending moments,

and torsions, as shown in columns 4, 8, and g of Table 20, are obtained

in the manner shown on pages !5through.209 of this report.
S8.5 249& z9V Zo

17r 26, ff Z44

285.673 481% I 721!

/9ý 22 .4 W I .

_________ _____550 10 l7

PZAA1 ~ Vl,19 .ZMWroIWeDA

Ads

-Landing Gear ?ittig& Loads-Onie G Inertia

Landing Gear Retr~oted
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NET ULTIMATE -S RS, BENDING MOMMTS, AND TORSIONS

The net ultimate shears, bending moments, and torsions for the six-

teen flight conditions included in this report are computed In Tables 31

through 48. In these tables the ultimate air loads and inertia loads are

combined in acoordance with the formulas included in the "Nomenclature."

Table '29 contains a tabulation of Sot., and MN for the five

weight conditions to be used in the computation of chord shears and bend-

ing moments.

The net ultimate loads have been resolved normal and parallel to the

rear spar which is parallel to the upper and lower surface stringers*

Also the beam shear has been reduced to take into account the components,

(2 normal to the chord plane, of the upper and lower surface axial loads

due to bending. If tan -slope of the Ix/Qz curve over the semi-span,

the beam sheer reduction
M, tan

The reduction is conservatively taken to be 0.7 of the above amount and

limited to 0.50 of the beam shear. When the moment and the shear are of

opposite sign such that the shear "reduction" will add to the beam shear,

the .7 factor is omitted. The vslues of (.7 tan £ .x/Q 1 ) (10) for

every bulkhead station are tabulated in Table 30 for use in Column 30"of

Tables 31 through 48.
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SLANDING CONDITIONS

Preliminary investigations and information aoquired during the

design of the XB-36 Airplane show that critical landing loads on the

wing will be produced by the following four conditions:

l. Two-wheel landing with inclined reactions, nose down,

Design Gross Weight, full fuel and oil, less bombs;

2. Two-*wheel landing with brakes, nose down,

Design Gross Weight, full fuel-and oil, less bombs:

3. Two-wheel lending with inclined reaotions, nose down,

Alternate Gross Weight, (62)1000# bombs, full fuel & oil;

4. Side drift landing (ground load acting inboard),

Design Gross Weight, full fuel and oil, less bombs.

C Three-wheel landing conditions prove to be less critical then

two-wheel landings since the applied loads at the main wheels are

smaller and since no pitching acceleration loads are produced by a

three-wheel landing. Due to the location of the engines and the sweep

back of the wing pitching aoceleration loads dontribute appreciably to

spar shears and wing bending. Two wheel landings with inclined re-

actions are included for two gross weight oondition, one with no bombs

and a heavy fuel load and one with a high bomb load and reduced fuel

load. Previous design oomputations on the XB-36 show that the two-

wheel landing with vertical reactions, nose up, is less. critical than

other two-wheel landing conditions. The calculations also show that

for a braked landing, the Alternate Gross Weight condition is less

(i• oritioal than the Design Gross Weight Condition. Therefore the Design

Gross Weight braked landing condition only is included. Similarly,
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computations are made for only the oritioal side drift landing (Design

Gross Weight) condition.

Seotion A oontains pitching or rolling acceleration inertia loads

for all landing conditions oonsidered, and Section B Includes the wing

loads due to landing gear ground load. less the inertia effects of the

gear. Section 0 combines the loads of Sections A and B with the ulti-

mate inertia loads to produce the net ultimate shears, bending moments,

and torsions from the critical landing conditions for the B-36 wing.

r2
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VLTMA-TE MHARS. BENING MOMENTS. AND TORS-IONS

DVE TO PITCHING AND ROLLING ACCELMRTIONS

In any two wheel landing condition the loads applied at the wheels

produce a pitching acceleration, o- . about the center of gravity of the

airplane* Dynamic equilibrium in maintained by inertia loads throughout

the ship. For a given co, radians per (second) 2 , the vertical linear

acceleration at any point - 7 feet per (second) 2 , where ? is the

horizontal distance from the axis of rotation in inches. Therefore the

load factor at any point - o , where g is the acceleration of gravi-

ty, 32.2 feet per (second) ,

Alarr r 4--5 Ar

Ao .,,,,•,,••'o.3 r/ Ae"

SFor the wing (see above sketch), if the total station load, W, in

assumed to be concentrated at its center of gravity at a distance F from

the axis of rotation, the ultimate inertia station load, which is the

FCW ,,44
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beam increment at each station,

The net ultimate shear at each station is equal to the sum of the

shear increments outboard of the station. The beam bending moment is

obtained from the area under the shear curve.

At each station the station load produces a torsion Increment in

inoh-pounds,

A T W Wo F r-F (2)L"A. IF9

where r equals the distance from the axis of rotation to the elastic

axis in inches.

C.L At station 1 (see figure, page 228) the total torsion is due only

to the torsion increment at that station, or

T -AT iW 0C7 1 (r1  2,()

XLA. L*A. (3

the 10 of the wing being neglected since the torsion due to 10 is

tkelatively small.

At station 2 the total torsion must also include the torsion due

to the shear at station 1 times the arm produced by the sweepback of

the elastic axis from station 1 to station 2, or

A 2 6TA. 1 b (r-rl) + T.A. (4)TF.A144A4

V# 444
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£similarly at station 3:

TE.A. - T ZA. 2 Sb2 (r 3 -r 2 ) + A TE.A.3

Substituting for TE.A. 2 from equation 4:

TB.A.3 " •.A.T + Sb (r2-rl) .A T....* Sb,(r3-r2 )IT1.A.3.

(5)

Therefore at any station, n:

n

and TZ... (out'bW -f & AT'A*' [S .-lCn'rn-i (l)

However, siLnce Ar-n1}=-• y tan ,Where A y Y-- y•.-n

then

oEA (i3QAT.A. Z Lbn~ ]- a (8)

and o.A.n(outbd) T. ÷ + 7;7y tan (9)

In a side drift landing condition the ground loads applied to the

main and nose gear result in a rolling acceleration, • , about the

airplane center of gravity. Equation 1 will also apply in this case

where 7 will equal y, the distance in inches to the station from the

oenterline of the airplane (see preoceeding sketch, page 228). The

total ultimate beam shears and bending moments are obtained as in a

( two wheel landing condition, and equations 8 and 9 also apply in deter-

mining torsions.

FW 444

I IS



ANALYSIS 2A F 31,
PREP5ARED B,••YEnsIidated Vult Aircmaft CrpraUtn CPAGET

CHECKED BY .Tý 0' ORTWORTH DIVISION MODEL RI,,

RI9 FORT WORTH, TEXABREVISED=' By D ,ATE: •4

The following table contains T, the distanoe in inches from the

nose reference line to the center of gravity of the airplane, the pitoh-

Ing acceleration, oe , and the quantity T for the three critical two-

wheel landing conditions.

TABLE 47

TABULATION 0 O•C * AND FOR

CRITICAL TWO-WHEEL LANDING CONDITIONS

c. od - CLIMBING ACCELERATION)

•-• 2 WoL* - I.R* - N*Do

D.G.W. - Full Fuel and Oil-Loss Bombs 903.84 -2.693 -. 006969

2 We.L - B. - NeD.
D.GoW. - Yul- FUel. and 011-Less Bombs 903.84 -2.711 -. 007016
2 W ,L e - X eR e - N . D .

A.G.W. - (62) 1000# Bombs-Full Fuel & 011 891.84 -2.050 -. 005305

References: For X see FZS-36-137, Table XVII

For c see FZS-36-143

2--

FW44I
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For Side Drift Landing, Design Gross Weight Less Bombs, Full Fuel

and Oil, the ground loads shown in the following sketoh are obtained

from C.V*.Ao. Report PZS-36-149.

016P

VlffwLok /F

The total side ground load 374,911 lbs.

Moment of ground loads about the oenter of gravity of the airplane,

M - 183.975(374,911) - 68,906,800 in.-lbs.

a 5,742,230 tt.-lbs.

I - 348,60#2,344 lb.-it2 - 10,826,200 slug-ft.0 (see FLZ-36-137,
Table =VII) .

M 5.742 230 rad./ 2
- I8 ,o -o.o 05304 eo

0.5304 0.00137Z7

rW *444
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Tfe ultimate inertia loads due to pitohing and rolling acoelerations

for all four critioal landing oonditions are oomputed in Tables 48

through 51 for loads due to wing empty less landing gear and in Tables

52 through 55 for loads due to fuel and oil only, In addition the roll-

ing aooeleration loads due to lending gear (extended) only, Side Drift,

Landing oondition, are oomputed in Table 58.

FW 444
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TJLTIUATE ROLLING ACCELERATION LOADS-LANDING GEAR(EXTENDED) ONLY

SIDE DRIFT LANDING(GROUND LOAD ACTING INBOARD)-D.G.W. LESS BOnMS

For the Side Drift Landing condition only it is necessary to sep-

arately consider the angular aocelaration loads due to the landing gear

(extended).

The center of gravity of the landing gear(extended) is 282.12 inche.

from the centerline of sBhip (see FZS-36-1I7, Figure 2). From page 232

of this report the rolling acceleration •- 0.53040. Therefore the

ultimate vertical inertia factor for the gear

T 9 ? M6g-.-E*(.5•04) - 0.3598.

The one g applied loads at the fittings are obtained from Report

FZS-36-137, Table III. The ultimate loads at fitting points As D, B,

and H (see saetch on page 65 for location of points) are as follows

o. - up, aft, and outboard):

At A: VA - -6977.2 (.3598) - -2510#

DA - -10001.8 (.3598) - -3e99#

S A - + 1352.2 (.3598) - 48#

At D: VD - * 1374.4 (.3598) -+495#

DD = + 9652.4 (.3598) + * 3473#

SD - - 1147.7 (.3598) - -413#

At B: VB - -1489.4 (.3598) - -536#

DB - +2353.7 (.3598) - + 847#

-- 1434.9 (.3598) 516#
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At R2 V1 H a 784.9 (e3598) -. 282# 1
D- - 2004.3 (.3598) 72- 71#

Sa - - 1839.4 (.3598) - - 690o.

From the ultimate fitting loads the panel point shears, bending

moments, and torsions are obtained at wing stations 9, 7, 6 and 5 for

use in Table 56. Bending momenta due to side load are obtained about

the center of gravity of each seoaion based, with negligible error, on

the latest available seotion properties.

The loads applied at D are beamad to stations 9 and 7.

At station 9:

I - v 45,725B(.4g5) + 431#

D 45.725(.3473) -+ 30261

8" 45.725(413) .
1) 52.5

At station 7:

V- + 495 - 431 6 4#
DDD D - + 3473 - 3025 = 448#

"D 8. " 413 + 360 - 53# "

The loads applied at H are beamed to stations 5 and 5.

At station 6:

.10.81C. 282) -+ 116#

DH - 10.81 "296#

= 1O.B61 ( -590) --242#
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At station 5:

V w-+282-118- 1880

DR -721 + 296 - -425#

, -590 + 242 --348#

Station 9:

I _•sgs•, 487•

1 ew1

4! LL _ _
il4.L-i-Log, ,,f

4547

" "S 431 + 2510 2941#
b

AS - * 3025-599 " - 574#

A -. 487(36.523)-360(20,700) , -25,240 in.-lbs.

y1
LM- -187(50.345) - -8,394 in.-lbs. e

- 2941(45.675)-3599(:32.503)-3025(24.720)A TE.,A.I , 9

S - -326,100 in.-lbs.
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Sta tion 7:t

A~b - + 4-536 - -472

a Ixj -516(38.082)-53(20,920) -- 20,'760 ±n.-lba.

L l -463(51.542) - -23,,860 in.-lbs.
L~T - 847(34.772)-"8C24.230)+472(47.196)"LZA. 2 =

+ 40,870 in.-lbs.
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Station 6:

S47959•

S_4.49

-Z4Z'

gA

LIle

ASl--24~g68 -43i.is
do96

+242(58.4'78) - .14,150 in.-4bs.

TE.A1 - 296(25.4.8)-116(55.094) - +1,139 ln.-lbo.
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Station 5:

...-- 48. 72/ •-am--- .

A.A - -. 717

AS 0 A(

ANI -l-348(2.818) -lowg3 ln,-iba.

.6• U -348(62.818) -= 21,880 ino-lbs.

1.1 +
,AT1 o . .-. 4z.5(z3.•o9a8) 4.•88C60.438) * ÷.166 in•.--.a.•8

V
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ULTIMATE SHEARS, BINDING MOMENTS, AND TORSIONS

DUE TO LANDING GEAR FITTING LOADS

The ultimate axial loads in the main landing gear struotural mem-

bers due to ground loads less landing gear inertia effeots are obtained

from C.V.Ao.o Report FZS-36-149. Table 5? oontains the fitting loads

at the wing as oomputed from the member loads for all four of the 6rit-

ioal landing oonditions. The geometry of the members is shown in Figure

20 of this report.

The panel point shears, bending moments, and torsions are obtained

from the fitting loads in the manner shown on pages 255through 259.

These panel point loads are used in Tables 58 through 61 to obtain the

ultimate shears, bending moments, and torsions for the four landing

conditions.
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NET ULTIMATE SHEARS, BENDING MOMENT8, AND TORSIONS

The net ultimate shears, bending moments, and torsions for the four

landing oonditiozs inoluded in this report are computed in-Tables 83

through 66. In these tables the ultimate inertia loads are caloulated

and combined with the ultimate pitohin8 acceleration loads and the ulti-

mate landing gear fitting loads. Table 62 contains the ultimate beam

and chord inertia factors to be used in computing the ultimate inertia

loads#

The net ultimate loads have been resolved normal and parallel to

the rear spar, and the beam shear has been reduced in the same manner

as in Tables 31 through 46 for the flight conditions. *

* .1
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II

SUMMARY OF CRITICAL SMEARS, BMDING M0),MRTS, AND TORSIONS

in order t" simplify the comparison of conditions in determining

critical bending stresses, beam and chord moments over" the semi-span for

all conditions have been plotted in Figures 21, 22, and 23. Figure 21

contains the net ultimate beam bending moments (M'x) for all H.A.A.,

I.H.A.A., and landing conditions included in this report. M'x for all

L.A.A. and I*L.&.A. conditions are plotted in Figure 22. The net ulti-

mate chord bending moments (M'¥) for all conditions are plotted in Fig-

ure 23.

Preliminary investigations and studies of the net ultimate loads
obtained in Tables 31 through 46 and 63 through 66 indicate that the

C• critical spar and skin shears will be produced by the following eight

conditions:

!. Design Gross Weight-l0OQ00# of Bombs-Full Fuel and Oil,

L.A.A. 0 30,000' -Hi0 Speed;

2. Design Gross Weight - 10,000# of Bombs-Full Fuel and Oil,

I.L.A.A. @ 5,000' - Limit Dive Speed;

3. Alternate Gross Weignt - (72)1000# Bombs-Full Fuel and Oil,

I.L.A.A. 0 5,000' - Limit Dive Speed;

4. Reduced Gross Weight - (72)10001 Bombs-l/3 Fuel and Oil,

I.L.A.A. 0 5,000' - Limit Dive Speed;

5. Two Wheel Landing with Inclined Reactions - Nose Down;

Design Gross Weight-Full Fuel and Oil-Less Bombs;

6. Two Wheel Landing with Brakes-Nose Down,

Design Gross Weight-Full Fuel and Oil-Less Bombs;

7. Two Wheel Landing with Inclined Reactions-Nose Down,

Alternate Gross Weight-(62)l000# Bombs-Full Fuel and Oil;

r: -444-
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8, Side Drift Landing (Ground Load Aoting Inboard),

Design Gross Weight-Full Fuel and Oil-Less Bombs,

For ease of referenoe the reduoed net ultimate beam 8hears IS"b)4

the net ultimate ohord shears (St.), and the net ultimate torsions

(T"A) for these.eight oonditions have been summarized in Table 6,

A
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